Ultrastructural study of myocardial biopsies from 5 patients who underwent myocardial revascularization procedures because of impending infarction showed mitochondria with linear densities. These densities, which occupied the intracristal space, appeared to have a high protein but low mineral content. It is suggested that linear densities may be an expression of severe, acute myocardial cell injury.
Linear densities in mitochondria have been des-biopsy but it is likely that in Case 2 the control cribed by Denker, Bergman, and Nachlas (1969) biopsy was taken from an injured zone as judged and Dusek, Rona, and Kahn (1971) in association by the standard 12 lead scalar electrocardiogram, with ischaemic injury to the heart of experimental arteriogram, and operative findings. In 3 of the animals. In addition, a number of other pathological patients, biopsies were obtained at the beginning conditions of muscle cells in man have been shown (control) and at the end (experimental) of cardioto be associated with such densities (Fisher and pulmonary bypass. In Case 2 only a pre-bypass Danowski, 1969;  Sluga and Monneron, 1970;  specimen was obtained, while in another (Case 4) Tandler et al., 1970; Woodhouse and Burston, a single post-bypass biopsy was obtained. Care 1969) .
was exercised to assure that both biopsies were This paper deals with observations in five taken from adjoining areas of the left ventricular patients who were found to have linear densities in free wall near the apex, whose blood supply was mitochondria of cardiac muscle cells obtained the left anterior descending artery. from the left ventricle at the time of cardiac surgery.
The biopsies were fixed within 30 seconds of The conclusion is drawn that these findings are removal from the heart by immersion into cold likely to represent a cumulative effect of repetitive 4 per cent formaldehyde, 2 per cent glutaraldehyde, periods of ischaemic injury to the myocardium. 0.5 mmol CaCl, in 041 mol Na cacodylate at pH 7-2. The formaldehyde was diluted from 10 per cent Patients and inethods formaldehyde prepared by alkaline depolymerization of paraformaldehyde. After primary fixation, The five patients reported in this paper were the tissue was diced and washed overnight at 4°C admitted to the Cardiovascular Surgery Service at in three changes of 0<1 mol Na cacodylate buffer at the University of Wisconsin Hospitals for coronary pH 7*2. The tissue was then post-fixed in 2 per cent revascularization procedures. The relevant clinical osmium tetroxide for two hours at room temdata of these patients are summarized in Table 1. perature, dehydrated in ethanol, contrasted in Full thickness biopsies were taken in all patients block with ethanolic uranyl acetate, and embedded from the anterior free wall of the left ventricle, in an Epon-Araldite mixture. Two to five blocks near the apex using a nitrogen gas driven drill were obtained from each biopsy, and all were (Braimbridge and Niles, 1964) . In this group of examined. Only central portions of the biopsy patients, no attempt was made to remove material material were studied in order to avoid the possi- incineration. After photography, the grids were Results subjected to periods of heat in air sufficient to bring the grids to a dull red glow. The grids were Examination of myocardial cells obtained from the re-examined at three-minute intervals, and the pre-bypass biopsy material showed normal human degree of destruction observed. This procedure myocardial ultrastructure (except from Case 2), was continued until complete destruction of the with abundant glycogen particles, little or no sections occurred, and tissue detail was totally intracellular swelling, and dense, well-organized lost. mitochondria (Fig. 1A) (Fig. 1B) . Varying between the four electron dense lines representing degrees of cellular change were seen in the biopsy the cristal membranes (Fig. 3B) . Resolution of this specimens obtained after bypass. These are sum-core into individual subunits, such as the intramarized in Table 2 . Intracellular swelling, loss of cristal rods reported by Hall and Crane (1971) , glycogen particles, and mitochondrial swelling was suggested in some instances (Fig. 3C ), but were commonly noted in the post-bypass samples, could not be consistently obtained. Measurements though in case 2 considerable cellular swelling and of the intracristal space indicated that the spaces linear densities were present in the pre-bypass occupied by linear densities were slightly narrower sample of myocardium. In three cases (Cases 1, 4, (approximately 140A) than those without such and 5), more severe damage was apparent, with densities (about 200 to 400A). The linear nature of appearance of vesiculation of the sarcoplasmic these structures suggests that the dense material reticulum, extreme cellular swelling, and margina-imparts a rigidity to the occupied cristae. tion of nuclear chromatin.
Microincineration studies of sections showed an
In all instances, linear densities and amorphous even loss of structure, with increasing duration of granules were noted in mitochondria of myocardial incineration. Membranes disappeared rapidly, leavcells from post-bypass biopsies. The frequency of ing rows of electron dense dots which delineated this finding varied from patient to patient (Table 2 ) the former location of these structures. Amorphous and appeared to correlate best with the degree of granules and mitochondrial cristae could not be overall cellular damage. Thus, in the more severely recognized after 6 minutes of incineration while damaged myocardial cells, a larger number of outer mitochondrial membranes and linear densimitochondria were found to contain linear densi-ties required 9 minutes of incineration before they ties. However, this was not true of the number of too disappeared. Once all recognizable morphology linear densities in each mitochondrial profile. In was destroyed, no deposits that corresponded to general, one or two linear densities were found the location of the linear densities or amorphous in any particular mitochondrial profile, regardless granules could be seen. of the degree of cellular damage. Frequently, amorphous granules were also observed, often in Discussion the same mitochondria containing linear densities. They were more common in severely damaged The ultrastructural findings reported in this paper tissue (Fig. 2) . The distribution and frequency of indicate that human myocardial cells are altered to these alterations were uniform throughout the varying degrees when subjected to ischaemia. samples studied.
In the post-bypass sample of heart muscle, strucWhen studied at higher magnification, the linear tural damage was severe, suggesting that the added densities appeared to consist of electron opaque periods of ischaemia and reperfusion, a necessary material deposited between a pair of cristal mem-part of the surgical procedure, contributed signifibranes, in the intracristal spaces (Fig. 3A, B, C) . cantly to the production of these abnormalities. The contrast of this material was enhanced by That cardiopulmonary bypass with aortic crossstaining with lead citrate (Fig. 3B, and C) . In clamping results in intracellular swelling, loss of The dense material appears to be deposited in the intracristal space, and to have a core or central filament (single arrows). The upper density appears to be interrupted at one -point, and then to continue without the core or dense material (double arrow). This section did not receive additional contrasting with lead citrate. ( x 243 000.) (C) Further examination at high magnification (Case 5) shows, in this instance, the core of the density to be resolvable into dense dots or rods (arrows) similar in appearance to the structures reported by Hall and Crane (1971) in isolated beef heart mitochondria. This section did receive additional contrasting with lead citrate. ( x 180 000.) glycogen particles, and mitochondrial alteration is
In Case 2 these changes were observed in the well documented (Bellotti et al., 1974; Bittar pre-bypass biopsy. In this case, the preoperative et al., 1974; De Gasperis, Miani, and Donatelli, electrocardiogram, and Monneron, 1970) . The observation that expoother cases where pre-bypass biopsies were ob-sure to lead citrate results in increasing electron tained, these were not taken from ischaemic opacity supports this idea. Whether or not the muscle. Ultrastructural examination confirmed 'intracristal rods' reported by Hall and Crane that they were essentially normal. Since the post-(1971) in isolated beef heart mitochondria are bypass biopsies of all patients showed significant structures similar to or identical to the linear morphological alterations, which included linear densities reported here is uncertain. Hall and densities in mitochondria, it appears that the bulk Crane (1971) showed that aldehyde fixation was of cellular damage seen was induced by the cardio-necessary to visualize 'intracristal rods' and, pulmonary bypass procedure. This is not surprising therefore, concluded that they were protein in since the heart was subjected to periods of ischae-nature. 
